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XVIII, On the Heat of the Water in the Gulf-fire am.. By- 
Charles Rlagden, M. D..Phyfcian to,tbe Army,, F-. R. < 5 k 

Read’ April z- 6 , T] 81.. 

O NE of tide naoft' remarkable fadts obferved in; navigating'; 

the ocean, is that conftant and rapid current which fits 
along the coaft of North America to the northward and east¬ 
ward, and is commonly known to feamcn by the. name of the- 
Gulf-fiream. It feems juftly attributed to the effect of the 
trade-winds, which blowing from the eaftern quarter-into the- 
great Gulf of Mexico, caufe there an accumulation of the 
water above the common level of the fea in-confequence of 
which,, it is conflantly running out by the channel' where it 
finds lead: ref fiance, that is, through the Gulf of Florida,., 
withfuch force as, to continue a diflindl flream to a very great: 
diflan ce.. Since all fhips going from Europe to any of the;; 
fbuthern provinces of North America-muft crofs this current,, 
and are materially affected by it in their courfe, every circum- 
flance of its motion becomes an objedt highly interefling to the- 
feaman, as well as of great curiofity to the philofoplier. An 
obfervatien which occurred to me on the fpot fuggefls- a new 
method of invefligating a. matter that: appears fo ; worthy of 
attention. 

During-a voyage to America in the fpring of the year 1776, 1 ; 
ufed frequently to examine the heat of fea-water newly drawn, 
in order to compare it vvith thatofthe air. We. made our paffage 

S far; 


The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to 
Philosophical Transactions of the Royal Society of London. 

www.jstor.org 








Dr, blagden on the Heat, &c. 

Car to the fouthward. In this fituation, the greatest heat of the 
water which I obferved was fuch as raifed the quickfilver in 
Fahrenheit’s thermometer to 77T* This happened twices 
the firft time on the roth of April, in latitude 21 0 io / N. and 
longitude, by our reckoning, 52° W; and the fecond time, 
three days afterwards, in latitude 22 0 y' and longitude 55 0 ; but 
in general the heat of the fea near the tropic of Cancer about 
the middle of April was from 76° to 77°. 

The rendezvous appointed for the fleet being off Cape Fear, 
our courfe, on approaching the American coaft, became north- 
weftward. On the 23d * of April the heat of the fea was 74°, 
our latitude at noon 28° 7' N. Next day the heat was only 
71 0 ; we were then in latitude 29 0 \z '; the heat of the water, 
therefore, was now leflening very faff in proportion to the 
change of latitude. The 25th our latitude was 31 0 3'; but 
though we had thus gone almofl: 2 0 farther to the northward, 
the heat of the fea was this day rather increafed, it being 72 0 
in the morning, and 72°! in the evening. Next day, the 26th 
of April, at half after eight in the morning, I again plunged 
the thermometer into fea-water, and was greatly furprifed to 
fee the quickfiiver rife to 78°, higher than I had ever obferved 
it, even within the tropic. Jis the difference was too great to 
be imputed to any accidental variation, I immediately conceived 
that we muff have come into the Gulf-dream, the water of 
which frill retained great part of the heat that it had acquired 
in the torrid zone. This idea was confirmed by the fubfequent 
regular and quick diminution of the heat: the fhip’s run 
for a quarter of an hour had ieffened it z° j the thermometer, 

* From the difference between civil and nautical time, it becomes necefTary to 
obferve, that the former is always meant in this paper, 
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at three quarters after eight, being raifed by fea-water frefh 
drawn only to 76°; by nine the heat was reduced to 73°, and 
in a quarter of an hour more, to 71 0 nearly: all this time the 
wind blew frefh, and we were going feven knots an hour on a 
north-weftern courfe. The water now began to lofe the fine 
tranfiparent blue colour of the Ocean, and to affume fomething 
of a greenifh olive tinge, a well-known indication of found¬ 
ings. Accordingly, between four and five in the afternoon 
ground was ftruck with the lead at the depth of eighty fathom, 
the heat of the fea being then reduced to 6 cf. In the courfe of 
•the following night and next day, as we came-into ihallower 
water and nearer the land, the temperature of the fea gra¬ 
dually funk to 65% which was nearly that of the air at the 
time. 

Unfortunately bad weather on the 26th prevented us from 
taking an obfervation of the fun ; but on the 27th, though it 
was then cloudy at noon, we calculated the latitude from two- 
altitudes, and found it to be 33 0 26' N. The difference of this* 
latitude from that which we had obferved on the 2 5 th, being 
2° 23', was fo much greater than could be deduced from the 
{hip’s run marked in the log-book, as to convince the fea men 
that we had been fet many miles to the northward by the: 
current. 

On the 25th at noon, the longitude by our reckoning, 
was 74 0 W. and I believe the computation to have been pretty 
juft ; but the foundings, together with the latitude, will deter¬ 
mine the fpot where thefe obfervations were made better than 
any reckoning from the eaftward. The fhip’s run on the 26th, 
from nine in the forenoon to four in the afternoon, was about 
ten leagues on a north-weft by north courfe; foon afterwards 
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the Water in the Gulf'jircam. 337 

we hove-to in order to found, and, finding bottom, we went 
very {lowly all night, and till noon the next day. 

From thefe obfervations, I think, it may be concluded, 
that the Gulf-ftream, about the 33d degree of north latitude, 
and the 76th degree of longitude weft: of Greenwich, is, in 
the month of April, at leaft fix degrees hotter than the water 
of the fea through which it runs. As the heat of the fea- 
water evidently began to increafe in the evening of the 25th, 
and as the obfervations (hew that we were getting out of the 
current when I firft tried the heat in the morning of the 26th, 
it is moft probable, that the (hip’s run during the night is 
nearly the breadth of the ftream meafured obliquely acrofs ; 
that, as it blew a frefti breeze, could not be much lefs than 
twenty-five leagues, in fifteen hours, the diftance of time be¬ 
tween the two obfervations of the heat, and hence the breadth 
of the ftream may be eftimated at twenty leagues. The breadth 
of the Gulf of Florida,, which evidently bounds the ftream at 
its origin, appears by the charts to be two or three miles lefs 
than this, excluding the rocks and land-banks which furround the 
Bahama Ifiands, and the (hallow water that extends to a confi- 
derable diftance from the Coaft of Florida; and the correfpon- 
dence of thefe. meafures is very remarkable, fince the ftream, from 
well-known principles of hydraulics, muft gradually become 
wider as it gets to a greater diftance from the channel by which 
it ifl'ues. 

If the heat of the Gulf of Mexico was known, many cu¬ 
rious calculations might be formed by comparing it with that of 
the current. The mean heat of Spanilh-town and Kingfton in 
Jamaica feems not to exceed 8 T *that of St. Domingo on 

* Hi (lory of Jamaica, London, 1774, vol. III., p. 652, 653., The different 
obfervations of the heat recorded in that work do not agree together; but thofe 
adopted here are taken from, that feries which appeared ton^ the moll correct. 
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the lea-coad may be eftimated at the fame from Motif. Godin’s 
obfervations *; but as the coaft of the continent which bounds 
the gulf to the weft ward and fouthward is probably warmer, 
perhaps a degree or two may be allowed for the mean tempera¬ 
ture of the climate over the whole bay : let it be dated at 82° 
or 83°. Now there ieems to be great probability in the fuppo- 
fition that the fea, at a certain comparatively fmall diftance be¬ 
low its fur face, agrees in heat pretty nearly with the average 
temperature of the air during the whole year in that part; and 
hence it may be coajeftured, that the general heat of the 
water, as it ifl'ues out of the bay to form the ftream, is about 
8 2 0 f, the fmall variations of temperature on the furface not 
being fufficient to affect materially that of the general mafs. 
At the tropic of Cancer I found the heat to be 77 0 ; the dream, 
therefore, in its whole courfe from the gulf of Florida, may 
he fuppofed to have been condantly running through water 
from 4 0 to 6° colder than itfelf, and yet it had loft only 4 0 of 

* Monf. godin^s experiments, upon the pendulum were made at the Petit 
Ooave. They continued from the 24th of Augufl: to the 4th of September, and 
the average heat during that time was fiich as is indicated by 25 0 of Morlf. be 
^eAumur’s thermometer (fee Mem, Acad* Scienc. 1735, p. $17.). According to 
Monf. de luc’s calculation (fee Modifications de PAtmofpere, vol. I, p. 378.) 
the 25th degree of Monf. de Reaumur’s true thermometer anfwers to about the 
85th of Fahrenheit’s; but the average heat in Jamaica during the months of 
Augiiift and September is alfio 85°; hence we may conclude, that the mean heat 
for the whole year is nearly the fame on the fea-coafts in both iflands, 

f The loweft calculation of the mean temperature of the gulf is preferred on 
this occafion, becaufe of the conftant influx of new water from the Atlantic 
Ocean produced by the trade-winds; which water not having been near any land 
muft, I think, be fenfibly cooler than that which has remained fome time inclofei 
in the bay. Qn this fub]eft the obfervations- made by Alexander dale, ymple* 
Efq. relative to the heat of the fea near the Coaft of Guinea, ought to be-con¬ 
sulted (fee Phil. Tranf.vol.LXVIlEp. 394, &c,). 
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Seat,, "though the furrounding water where 1 obferved it was 
i>o° below the fuppofedoriginal temperature of the water which 
forms the current. From this fmall diminution of the hear, in 
a diftance, probably of 300 miles, fome idea may be acquired 
of ' the vail body of fluid which lets out of the gulf of Mexico, 
and of the great velocity of its motion. Numerous oblerva- 
tions on the temperature of this ftream, in every part of it, 
and at different feafons of the year,., compared with the heat of 
the water in the furrounding feas, both within and without 
the tropic, would, I apprehend,, be the belt means of afeer- 
taining its nature, and determining every material circumffance 
of its movement, efpecially if the effeft of the current in 
pulhing Ihips to the. northward is carefully attended to, at the 
fame time with.the oblervations upon its heat,. 


©h ;the: 25th of September 1777, as the Ihips which had 
tranfported Sir william howe’s army up Chefapeak Bay were 
returning toward the Delaware, with the lick and ffores, they 
were overtaken, between Cape Charles and Cape Hinlopen, by 
a violent gale of wind, which, after fome variation, fixed ulti¬ 
mately at N.N.E. and continued five, days without intermiffion. 
It blew fo hard that we were.- conftantly lofing ground,, and 
driving to thefouthward:. we alfo purpofely made fome e a fling to 
keep clear of the dangerous Ihoals which lie off Cape Hatteras.- 
The 28th at noon our latitude was 36° 40' N. and the heat 
of the lea. alb day about 65°. - On the 29th our latitude was 
36° 2'; we had, therefore, in the courfe of thefe twenty-four 
hours, been driven by the wind 38 nautical miles to the fouth-- 
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ward: the temperature of the fea continued nearly at 6 f. 
Next day, the 50th, our latitude at noon was 35° 44', only 
■ 18 miles farther to the fouthward, though in the opinion of 
the feamcn aboard, as well as my own, it had blown at leaft 
as hard on this as any of the preceding days, and we had not been 
able to carry more fail; confequently it may be concluded, that 
fome current had fet the Ihip 20 miles to the northward. To 
know whether this was the Gulf-ftream, let us confult the 
thermometer. At half after nine in the forenoon of this day 
the heat of this water was 76°, no lefs than eleven degrees 
above the temperature of the fea before we came into the. 
current! 

Towards evening the wind fell, and we flood N.VV. by N. 
clofe-hauled. As the fea ftill ran very high, and the fhip fcarcely 
went above two knots an hour, we did not make lefs than three 
points of lee-way on this tack; the courfe we made good, 
therefore was W.N.W. which, on the diftance run by noon 
next day, gave us about fixteen miles of northing ; but that 
day, the ift of October, our latitude was 36° 22', 38 miles 
farther to the north than we had been the day before; the dif¬ 
ference, 22 miles, muft be attributed to the Gulf-ftream. This, 
however, is only part of the effect which the current would 
have produced upon the fhip if we had continued in it the 
whole four and twenty hours ; for, though we were ftill in the 
ftreamat five in the afternoon of the 30th, as appeared by the 
heat of the water being then above 75% and at eight in the 
evening the heat being ftill 74 0 , yet by feven next morning we 
were certainly got clear of it, the heat of the fea being then 
reduced to its former ftandard of 65°. On this occafion, there¬ 
fore, we did not crofs the ftream, but having fallen-in with it 
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obliquely on the weftern fide, we pulhed out again on the fame 
fide as foon as the gale abated. 

Thefe obfervations having been made three degrees to the 
northward of my former ones, it is curious to obferve, that the 
heat of the Gulf-ftream was about 2 0 lefs. The ieafons of the 
year, indeed, were very different; but, perhaps, under fuch 
circumftances that their effedts were nearly balanced. In the 
latter obfervations the meridian altitude of the fun was lefs; 
but then a hot fummer preceded them ; whereas in the former, 
though the fun’s power was become very great, yet the winter 
had been pall but a (hort time. Calculating upon this propor¬ 
tion we may be led to fulpedl, that about the 27th degree of 
latitude, which is as foon as the ftream has got clear of the 
gulf of Florida, it begins feniibly to lofe its heat from 82°, the 
fuppofed temperature of the gulf of Mexico, and continues to 
lofe it at the rate of about 2 0 of Fahrenheit’s fcale to every £ 
of latitude, with fome variation, probably as the furrounding 
lea, and the air, are warmer or colder at different fealons of 
the year. 

The preceding fadls had made me very defirous of oblerving 
the heat of the Gulf-ftream on my pafiage homeward ; but a 
violent gale of wind, which came on two days after we had 
failed from Sandy Hook, dilabled every perfon aboard, who 
knew how to handle a thermometer, from keeping the deck. 
The mailer of the Ihip, however, an intelligent man, to whom 
1 had communicated my views, allured me, that on the fecond 
day of the gale the water felt to him remarkably warm; we 
were then near the 70th degree of well longitude. This agrees 
very well with the common remark of feamen, who alledge, 
■that they are frequently fenfible of the Gulf-llream off -Nan* 
Vol. LXXI. 2 z tucket 
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tucket fhoals, a diftance of more than 1000 miles from the 
gulf of Florida! According to the calculation I have be¬ 
fore adopted of a lofs of two degrees of heat for every 3 0 of 
latitude, the temperature of the Gulf-ffream here would be 
nearly 73°; the difference of which from 59°, the heat that I 
obferved in the fea-water both before and after the gale, might 
eafily be perceived by the mafter of the veffel. This was in 
the winter feaf'on, at the end of December. 

An opinion prevails among fea men, that there is fomething 
peculiar in the weather about the Gulf-ffream. As far as I 
could judge, the heat of the air was confiderably inCreafed by 
it, as might be expeftedbut whether to a degree or extent 
fufficient for producing any material changes in the atmofphere 
muft be determined by future obfervations. 

Perhaps other currents may be found which, iffuing from 
places, warmer or colder than the furrounding fea, differ fro 1 
it in their temperature fo much as to be difcovered by the ther¬ 
mometer. Should there be many fuch, this inffrument will 
come to he ranked among the moft valuable at fea ; as the diffi¬ 
culty of afcertaining currents is well known to be one of the 
greateff defefts in the prefen,t art of navigation.. 

In the mean time, 1 hope the obfervations which have been 
here related are fufficient to prove, that in. croffing the Gulf- 
ffream very effential advantages may be derived from the ufe 
of the thermometer : for if the mafler of a fhip, bound to any 
of the fouthern provinces of North America, will be careful 
to try the heat of the fea frequently, he muff difcover very 
accurately his entrance into the Gulf-ffream, by the fudden in- 
creafe of the heatand a continuance of the fame experiments 
will fhew him, with equal exachiefs, how long he remains in 
it., Hence he will always be able to make a proper allowance 
\ for 
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lor the number of miles that the (hip is fet to the northward, 
by multiplying the time into the velocity of the current. 
Though this velocity is hitherto very imperfectly known, for 
want of fome method of determining how long the current' 
afted ; upon the (hips, yet all uncertainty ariftng from thence 
muff foon ceafe, as a few experiments upon the heat of the 
fire am,, compared with the (hip’s run checked by obfervations 
of the latitude, will afcertain its motion with fufficient preci- 
lion. From differences in the wind, and perhaps other cir- 
cumffances, it is probable, that there may be fome variations 
in the velocity of the current ; and it will be curious to ob- 
ferve, whether tlieie variations may not frequently be pointed 
out by a difference in its temperature as the quicker the cur- 
rent moves, the lefs heat is likely to be loft,, and confequently 
the hotter will the water be. In this obfervation,, however, the 
feafon of the year muft always be coniidered; partly, becaufe 
it may, ; perhaps, in fome degree affect the original temperature 
of the water in the gulf of Mexico but principally, becaufe 
the a&ual heat of the ftream muft be greater or lefs in propor¬ 
tion as the trail of the fea through which it has flown was 
warmer or colder. In winter, I (hould fuppofe, that the heat 
of the ftream itfelf would be rather lefs than in fuminer ; but 
that the difference between it and the furrounding fea would be 
much greater; and I can conceive that, in the middle of hum¬ 
mer, though: the ftream had loft very little of its original heat, 
yet the fea might, in fome parts, acquire fo nearly the fame 
temperature, as to render it fcarccly poftible to diftinguifh by 
the thermometer when a lhip entered into the current. 

Befides the convenience of correifing a (hip’s courfe, by 
knowing how to make a proper allowance for the diftance (he is 
fet to the northward by the current:, a method of determining 
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with certainty when (he enters into the Gulf-ftrcam is attended 
with the further ineftimable advantage of (hewing her place 
upon the ocean in the moft critical lituation : for, as the cur¬ 
rent fets along the coaft of America at no great diftance from 
foundings, the mariner, when he finds this Hidden increafe of 
heat in the fea, will be warned of his approach to the coaft, 
and will thus have timely notice to talce the neceflary precau¬ 
tions for the fecurity of his veffel. As the courfe of the Gulf- 
'ftream comes more to be accurately known, from repeated ob- 
fervations of the heat and latitudes, this method of deter¬ 
mining the (hip’s place will be proportionably more applicable 
to ufe. And it derives additional importance from the peculiar 
circumftances of the American coaft, which, from the mouth 
of the Delaware to the fouthernmoft point of Florida, is every 
where low, and befet with frequent (hoals, running out fo far 
into the fea that a veffel may be aground in many places where 
the (hore is not to be diftinguifhed even from the maft-head. 
The gulf-ftream, therefore, which has hitherto ferved only to 
increafe the perplexities of feamen, will now, if thefe obfer- 
vations are found to be juft in practice, become one of the chief 
means of their prefervation upon that dangerous coaft. 




